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The FERMI@Elettra optical hybrid timing system

 The FERMI timing project has been split into the following tasks:
 Pulsed Clock (phase reference)

 2-link test bed implemented at ST (June ’08, MIT Contract)
 Pulsed Clock specifications (FESD #022 et al. )
 Purchase Order (PO) issued to MENLOSystems gmbh
 Ref. m-wave Oscillator (RMO): to be delivered soon
 Rb 10MHz reference: PO issued

 CW Clock (phase reference)
 LBNL CW

 contract signed last september ’08
 test bed for 2 CW stabilized links

 Day Zero CW/back-up system
 Trigger generation

Event System (by Micro Research Fin.) integrated into FERMI Timing
 Distribution system

 blown SM fiber bundle solution adopted
 layout defined; PO under preparation

 Timing Hutch
 layout & racks defined
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Timing Hutch

The FERMI@Elettra optical hybrid timing system
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The FERMI@Elettra optical hybrid timing system: RMO specifications



Mario Ferianis 2nd T&S Workshop  9 March 2009

The FERMI@Elettra optical hybrid timing system: Rb REF specifications



Mario Ferianis 2nd T&S Workshop  9 March 2009

The FERMI@Elettra optical hybrid timing system: some notes on phase noise…

 Which is the physical meaning of a phase noise component for a high frequency 
carrier (i.e the Reference)
 Let’s represent the reference signal R(t)=ARsin(2pfRt+ϕR) by using the vector
notation
 It is rotating at wR=2pfR; being the Reference we keep it in place
 Let’s add to it a phase noise components N(t)=ANsin(2pfNt)
 For each value of N(t) we obtain the resultant R+N(t) by applying vector sum
 As a consequence, R(t) is oscillating around its nominal angle at fN and by ϕN

 The value of ϕN depends on the ratio AN / AR; pk-pk jitter of R(t)
 The rate at which R(t) moves depends on fN; i.e. the offset frequency in the phase noise
spectrum

2ϕN
ωR

R(t)

R+N(t) N(t)

Artist view: amplitude changes not shown!!!
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The FERMI@Elettra optical hybrid timing system: some notes on phase noise…

 One good question:
    how much does a 100Hz phase noise component affect the Reference signal?

 let’s plug in some numbers…  fR = 3 GHz; fN= 100 Hz;
 from phase noise plots, we get relative amplitudes: AR / AN = 80dB (?)

 ϕN [rad] ≅ AN / AR = 0.0001 rad
 t R = 330ps; ϕN = 0.0057 deg = 5.309fs

 but, the time of flight of FERMI is…few ms
 so the 2nd question is: by how much does
    the phase of the Reference signal
    change in few ms?
 t N = 10ms;  considering 2ms around zero crossing

(max slope) ➨ 0.00667fs!!!
The peak value (5.309fs) is reached after 2.5ms
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The FERMI@Elettra optical hybrid timing system: Pulsed Reference specifications
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The FERMI@Elettra optical hybrid timing system: Pulsed Reference specifications

Receiver sideTransmitter side
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The FERMI@Elettra optical hybrid timing system: Pulsed Reference specifications
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The FERMI@Elettra optical hybrid timing system: CW Reference specifications
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 Changes in line length are sensed by interferometer, signal sent to receiver
 Receiver applies phase shift to frequency shifter RF, stabilizing optical phase at end
 Optical phase correction is used to calculate RF phase shift, including group/phase 
correction
Thermal drift of beat fiber delay is ~1ns, becomes 0.5fs of optical phase error on main
 Arbitrarily long delay range is possible, limited only by software
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Interface diagram for
receiver end
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The FERMI@Elettra optical hybrid timing system: CW to Pulsed Locking (DRIFTS)
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The FERMI@Elettra optical hybrid timing system: Event system integration

 One EVR in each Equipment Controller of DIAGS, LLRF and Controls
 Measured jitter on remotely generated trigger < 10psRMS

 Also during commissioning phase 1 Klystrons will be triggered using the
EVRs
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The FERMI@Elettra optical hybrid timing system: Optical Fiber layout
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The FERMI@Elettra optical hybrid timing system: Optical Fiber layout
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The FERMI@Elettra optical hybrid timing system: Installation Plan
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The FERMI@Elettra optical hybrid timing system: Installation Plan


